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Study on Extraction Technology Optimization and Structural Characterization of Fritillaria pallidiflora
Polysaccharides

Ayituxun - Abuduwaili''*, Paerhati - Rouzi’, GAO Yanhua', Paiheerding - Mutailifu" *, Rehebati - Nuerxiati' *, NING
Huixia', Abulimiti - Yili' (1.Key Laboratory of Xinjiang Indigenous Medicinal Plants Resource Utilization,
Xinjiang Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Urumgqi 830011, China;
2. University of the Chinese Academy of Sciences, Beijing 100049, China; 3.College of Food Science and
Pharmacy, Xinjiang Agricultural University, Urumgqi 830052, China)

ABSTRACT OBJECTIVE: To optimize the extraction technology of Fritillaria pallidiflora polysaccharides (FPSP), and to study
its structure. METHODS: Using the yield of FPSP as response value, Box-Behnken design-response surface methodology was
adopted to optimize solid-liquid ratio, extraction temperature and extraction time of FPSP extraction technology. Structural properties
of FPSP was characterized by UV spectrum, FTIR, GC-MS, Congo red staining, SEM, XRD and thermogravimetric analysis.
RESULTS: The optimal technology parameters of FPSP were solid-liquid ratio of 1:28 (g/mL), extraction temperature of 94 °C,
extraction time of 2.5 h; the yield of FPSP was 16.25% (n=3), the error of which to theoretical yield (16.58% ) was 0.33% .
FPSP contained xylose, glucose and galactose with a molar ratio of 1:58.02:0.73, and trace amount of mannose; there was a weak
absorption peak near the wavelength of 280 nm; belonged to a-configuration pyranopolysaccharide. FPSP was in triple-helical
structure. The surface of FPSP was a network structure formed by irregular particles. FPSP had both crystalline and amorphous
structures. FPSP had good thermostability. CONCLUSIONS: The optimized extraction technology of FPSP is reasonable, and has
high extraction yield. The research might provide reference for the further development and utilization of £ pallidifiora.
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V) Z B AL 12 i 2530 E RO I i A0 e 2 1, A
ai EE2Y ARl AR B A0 EAT T R B TV L

AT S DL B (R F 5 = 4 v e AR D B B
A3 AT O A G L 22 W 0 1 B BB 3 R 4 ) S
FE S AR YE T B SR B B> . A FIE R,
ZHE PTG R S HAR 2R G5 DA, IR, R 5T
B DB HLAT AR 06 P 1 2 o BT SR S, AR
fifF 5% 2K F Box-Behnken 58311 17 7 325 £ A A7 DL AE 22 4
(FPSP) 4R T 25, A FHER SISO (UV ) 75 Ll L
21 MRS (FTIR) ¥ UM (- B I H (GC-MS) i K
e ye oyl A 7 28 (SEM) IS X S AT
(XRD) ¥k KAk 25 BT G R AE F- Bt FPSP #5145 44 9)
W, WA K TGPt — 25 1 & e
WA

1 7
1.1 {88

FDU-2100 WA T 4L ( H A Eyela 22 ) ;2550 7
LMy 66T (H 4% Shimadzu 23 7 ) ; CR22N % /5 3
RUREDHL(H A Hitachi 22 7] ) 5 F-305 BY R 25 A& AN (Fify
1 Buchi 23 7 ) ; 7890A-5975C %! GC-MS 1% ( Z£ [# Agilent
/3 F]) s NICOLET 6700 & IR 4% ( 3 [ Thermo Fisher Sci-
entific A 1 ) ; SUPRA 55VP % SEM { ({8 [ Zeiss 23 ) ;
STA449F3 BIEA3 HrAX (1 = Netzsch 2> 7 ) ; D8 Advance
1 XRD Y (78 [F Bruker 23 A ) .

1.2 #AREiH

B DUEETF 2016 45 6 J1 RAE TR AL, s 2y
IFFE BT ] VLA 5% 63 %5 0 e A B DL BE T Al 4 G D1 B
(Fritillaria pallidiflora Schrenk) i) -4 6 25 (bR AR A7
TERT IR R bR A Z bR A5 2 81013) 5 85 (190
198 55 45 ( 22 [E Thermo Fisher Scientific 23wl , it 5 .
TH269579) ; 4 %5 A br o i (3 BT T A= AL B2 B 4
HRRAE] L HES 11431014, 50412l 5 - FUBHRE BR bR o
(B ai AR A R\, b5 . RT19U1015, 46
J& : =98% ) ; (A FRFELBAR (R A= R A BR A
5 . M23M8E32272, 4l i « >97% ) 5 B hi AR B ACKE |
FZEHE EZUME . H RN R BRAR A ik S E AR E
PRI MERE ERFR PR (IR 2T | H s B mR A N B
iR — SN B R AL A R0 24 A 7 A BT A S 0
W ARG K R ZEIE K
2 FHik
2.1 FPSP HJIREL

PP DL B s 2R 2 Wi ok 07 (40 B IR, F A ik
WiRg 3 VK, A Z ARG LUK s S AE — 5 BB EL (42
TP B R B BCRST [B) 45 0 R R AT SR 15 3 DR R IO, DA
6 462xg #5.0> 10 min( LA T 4514 R , A€ i 78 B A 4
VEWR PR IRV, I A AR K L BECUE
4 CHLE 12 h, B0, %1, 1358 FPSP. LA FPSP |- it/
2B TR 100 %12 (% ) .
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2.2 IEFRMIZE
2.2.1 ZHEEEIE IR EDBL2/T 884-2019™, 5%
FH TR - B RR 2 , LA WS AR HE o AR EY) T, D % FPSP
i
2.2.2 WHEERR Gt HeMEFRMENY/T 2016-201107,
KRB R, DL ZUBH R R AR 1 i S bR vfE ) ot
%€ FPSP HOpiERR & ik
223 HEASGEME R MEWFER(BCA)LL, H#E
A FIIE EGR S I A TR, DU FPSP R R & i
2.3 RERIZMHUL

M4 Box-Behnken JEFH R , YEBCEHR H (4) |
PEBGEE (B) B (C)3 AN ZE Sy H A8 &, LA FPSP
J7 2 SR e AR () , $EAT 3 PRIZR 3 K- B i 17 AT K 56 43
Br, #52 FPSP $2 BUAYIE B 1. £ 251, 3+ F FHl Design-Ex-
pert 8.0.6 F A X IR Bt UEA T 101 A 438, $0045 i g 1 5
B R WBCEARAER, R SRR,

&1 BEES5KFE
Tab 1 Factors and levels of Box-Behnken design

KF
= -1 0 1

Alg/mL) 1:20 1:30 1:40
B,T 80 90 100
C.h 2 25 3

2.4 FPSPHIZEHIRAE

24.1 UV BCHIBTE R E S 1 mg/mL 9 FPSP /K%
W, FT A0 35606 BEHHE 200~400 nm %K 36 BBl 1 T
ES/ N EET

2.4.2 FTIR¥: BU&E & FPSP, % H KBr & A%, IR
{LAE 4 000~400 em ™ PG B A 75087 o

2.4.3 GC-MS¥L S5 SCHR[6] TR )7k, BRI 5.0 mg
FPSP, A f#T 4 mL 19 2 mol/L = LR, B F GC Tizs
PEREH A 2R RCTHRAR T L 110 °C 554958 A K A S )
6 ho SN EEHG , TERR /KR AOAE S P 5 mL B, Jig

i R R 7K fiff 58 4= 1Y FPSP H 435 A 8 mg £h R F2 e S
0.5 mL MERE , 358 FF i ff J5 B T 90 CoK i, Kb 30
min, BCHEREEZE, FNA 05 mL ZFREF, & T
90 C/KIEH M 30 min JiF , ZIALIR T, A 1.0 mL 4
5, 7T GC-MS Z3#T. GC-MS 444 : B (i
H OV-1701(30 cm=0.32 mm, 0.25 pum) , £ % Ky Kk 44
BRI ES (FID) , A I 2L 270 °C, SFAE F1IR R
k250 °C, FEFFFHE GG IR A 160 °C, L5 °C/min T+
2190 °C, P45 5 min, [FIAEHEE FHE 2 230 C) , 23R
R IR EUN 1 uL.

244 WIRZIYLts S SCHRI6])FTAR ik, Bl i ik
J% 4 2 mg/mL ) FPSP /K ¥ AT 0.2 mmol/L A RIZRZL 1K
Flo A BIEEL6 ) 1 mL i FPSP/KIER T 5.0 T,
ARFERFR 1 mol/L i & A AL BN AR 3257, s i
1 mL IR 03] ol v v v S0 A B ) e 2k 2 5 )
70.5.0.4.0.3.0.2,0.1.0.05 mol/L, 14N
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£ 400~700 nm Y4 75 Bl N AT 4344, 10 st KW
P ) o DIIKAS SN TRAE S 28 VA, AN
IRELEGR 5 A [ B 0 & AR AR W X BR A [R] i
A
245 SEMWI%E  IGHE &t T4 FPSP, R FH & I S B
T 28— 2504 S Ha i, ] SEM BOMEE A R IAEAS .
2.4.6 XRD 2% SCHR[18]FT A Jr ik , 5k HI XRD {3t
FPSP (1) fh R 25 A HEA T 2 , 12 2670 5 °~60 °, B4 h
0.01°, 2L H0.1s.
247 PMEEo S SCIR(1910T IR 7 1%, FRHCFPSP
5 mg, FEA ST, LA 20 50 mL/min , FHi 2 B4
10 °C/min . 25~600 °C it B @l A % FPSP £ 47 #4473
Mridk (TG) oy 4 73 A i (DTG) A 227 454 i 0%
(DSC) 43 -
2.5 GITFESH

RIS BRAE 33K, Bl DL x £ s Rk . ] Ori-
gin 8.0.6 FAFHEAT LR R Jr 2 501 P<<0.05 7R 22 5+
At L
3 #R
3.1 FPSPIREITZ
3.1.1 Box-Behnken %11 5454 Box-Behnken 1% i} 5
SRR 2,

%2 Box-BehnkeniZit 5458
Tab 2 Design and results of Box-Behnken

i) Alg/mL) B, Ch FPSP %, %
| 1:20 90 3 1601
2 1:20 80 25 933
3 1:30 100 3 1221
4 1:30 90 25 1683
5 1:30 80 20 1081
6 1:20 90 20 1342
7 1:30 80 30 1171
8 1:30 100 20 1562
9 1:30 90 25 1622

10 1:40 9 20 14.84

11 1:40 9 30 1362

12 1:30 90 25 1561
13 1:20 100 25 1567

14 1:40 100 25 1381

15 1:40 80 25 1327

16 1:30 90 25 1662
17 1:30 90 25 1635

3.1.2  [IHBRRLA L5 R S ) 20 as R FPSP =%
5 &R BCEE RABRIIA S5 0 : Y=16.33+0.144+
1.48B—0.097C — 1.454B — 0.954C — 0.99BC — 0.674" —
2.64B°—1.19C°, Jy 220 a5 R R iz be Al [nl 4 4% & 2%
(P<0.01), R HIHA § 2 (P>0.05),R°=0.948 0, $&/5
AR SR IS A A, Iy T AT ] v A T
Be W AE . AR B AB J B PAE /N T 0.01,
AC . BC K C*A) PAEIA/INT 0.05, B Fad PR 2w 107 £
AW ER . RS R X Tk R R e R NHE
H B>A>C, R4 E > B e > 1B R . 7 255
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Tab 3 Analysis result of variance

JiERR fRETFHA Liils3 Bz F P
i B 9 8.19 1419 0.0010
4 0.15 | 0.15 027 06215
B 1749 | 1749 3029 0.0009
C 0.076 | 0.076 0.13 07274
4B 841 | 841 1456 0.006 6
AC 363 | 363 628 0.0406
BC 3.90 | 390 675 00355
£ 1.86 | 1.86 303 0.1154
B 2936 | 2936 50.84 0.0002
¢ 594 | 594 10.29 00149
Bk 404 7 058

FAR 3.18 3 1.06 490 00795
e 0.86 4 022

B 71.76 16

3.1.3  ma AL ZE R >R Design-Expert 8.0.6 2K {4
22 [l A RAG H FPSP 32U i A8 T 2 S HO0 BN L
1:27.90(g/mL) JRBGEEE 93.58 °C ARHUH] 2.45 h, 7E
WEAPE R FPSP ™ S B A 4y 16.58% o Ry T B il
N TR AT AT, S 2 ROt A el 2 1, 5 S B
AT AR S R R S e LR T 2 S B0 AR R
o 1:28(g/mL) AREGEFE 94 °C F2HUR ] 2.5 h, 7EI
SN T HEAT 3ULPATINS , 45 5 FPSP = R (1 V- 4
16.25% (n=3) , 15 FOM{EL A A X 15 22 1 0.33% , e BHi%
TZ2SHOEM AT 5. 25 R ZR A HAEHIX FPSP ™ 28 (1 i)
O TR 45 i 2 L LI 1

U 0gg0 00y
I tttggyt Pt
" Ilmm,,,;“:,

1:35
A(g/mL) 1:40 ~80.00

A.A-BZEHAER
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Fig 1 Response surface contour plots for interactive
effects of factors on the yield of FPSP
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Fi“2.2" WU Jy b AT AG I o 25 SR FPSP & 4 7 >
(50.70 £ 0.23) % WEERR % 14 (6.85 £ 0.15) % R 7%
= M(3.05£0.12)%(n=3),
3.2 EEHYRIE
3.2.1 UVAIEESHE  FPSP7E 280 nm i 1 B i 4 55 W%
W, BB HATRES A SR T,
3.2.2 FTIR Kl 255 FTIR &35 %5, FPSP 7€ 3 423
em ! ZE A A IR0 R YR O—H 4R iR Bl i, 72 2 923
em e A B IR AT I R C—H I 45 iR h 6 L 7E 1 629 cm !
oA B WU S Z2 WK S PR B FE 1 384 em ' A A
4 R Wi 2 C—H I N 25 i ik B 45 5 1Y, 7E 1 200~
1000 em ™' Z[] 1) 3 4> W AT U C—O B 4 41 5 Wi
W, T 40 FPSP A7 I W B BR 235 4 25 7 850 em ' i Y
W WS S o A ) R AR DA™, T HEDN FPSP 2 J& T a- 14 7Y
HNkIR 22 8% . FPSP B9 FTIR 3% WK 2.,
54
50
b‘ 46

34
3423.48 I
30 1384.35

2923.62 1629.03 1045.61
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PR em ™!

2 FPSPHIFTIR Ei%
Fig2 FTIR spectra of FPSP

3.2.3  GC-MSHKzZEH i ad e i FUH — 1L o FPSP
YRR 2 F ok 1:58.02: 0.73 A A4 1 122k 7L
WL, , 308 5 o () H A, =2 e A

324 WHERaG@EER HFihEa IR
BELERRE 25 T RS -5 M SR 2050 S BB B 4s 54, HL
ZEA YN e 2 R AELARE . ARIRZE R R, A
AR R 0~0.5 mol/L B, 5% BEZH (RIS LT 4 Ao
5 RIS (FPSP-NIZR LT85 A 0) 1 A K2 T B AR 2T
LG, $2 /8 FPSP R A7 18 = HBie 2540 . AS[R] A A ALl
HWEPE T A NIRRT FPSP-I SR 21 25 45 40 ) A W 2 1] DAL
K3,

50517
—a— NI

500 —e— FPSP-[IRLLA B
1951

490

485

480

(; Otl 012 O'.B 0./1 015
¢,mol/L
B3 ARSEALNRETHIRIRLIF FPSP-RI R 2%
B A H 25 [
Fig 3 .. curves of Congo red and FPSP-Congo red
complex under various concentrations of NaOH
solution

HHEEZG 2020455 31 3

3.25 SEMWMLEREE L itk 200~10 000 £ ) SEM ]
7R, FPSP R 22 5503 17 122 I A FH D) 7 3 B T i g o)
PREEF , H0kr SR T S A1, Ok [A] JLF- T 2s B, il B
FPSP 7 TR R A8 o8 4, B HER J15e55 , s | T8
i, FPSP /%) SEM [ ILIE 4.

‘ CHK 5 0005
4 TFPSPHISEM &
Fig4 SEM micrographs of FPSP

3.2.6 XRD/MHr&h i 7820 °AE 4T, FPSP A — Nt i
AR AOAT B4 , U I FPSP Fp [] Bsf A7 78 S IR 5 3k ik 4%
¥J. FPSP ) XRD EWLE S,

1000

DK 10 000157

800
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au

=400
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0+ T T T T T T 1
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20,°

5 FPSPHIXRD [&
Fig5 XRD diagram of FPSP

3.2.1 Ak Ay Hr 4k TG b4 R w78 25~
600 °C kB2 75 FEl N, FPSP AE7E 2 MR HEIX, 55— AR T
X HPLAE 100 °C 247, FPSP JR 4t 2k T 4.55% , 43 #r vl
AEJE TR 5Bk [ s 5 R HE X H BRAE 250~
600 CIRLEEVE B, 20 M T il 2 DRDBE 5 W 284 i & A= Ak
LR BN B — B Bk B R iR . DTG
I HraE R, YR E S 263.2 CHE, FPSP JF ik & A 4k
2 ZUAR T N 5 24 IR EE R 288.4 °C I, FPSP 41 i i 1k 5|
e RAE (9.32%/min) ; 4R i85 661.4 “CHY, FPSP %l 4%
J e R R Y 24.78% . DSC 43 B e 5875 , FPSP 4351l
1F 295.2 .580.4 CHJ A 2 il , 1d B FPSP 43 45 b1
PAbEREETE . FPSP L2270 b & WL IE] 6 .

4 Ttig

China Pharmacy 2020 Vol. 31 No. 3 - 279 -



1004 0 Lo
N -2 g w0
< 801 DTG (2 ) Er—2 E
S VIS %
E o wmboy, B
=607 pscmiE) [ ®m| %
£ < = =
= 404 g W6
20 TGUERA 4L ) 10 Y

100 200 300 400 500 600
i, C

6 FPSPRyILZESITE

Fig6 Thermogravimetric analysis diagram of FPSP

AR HAE , AP U5 22 8 I 3R BBOR 32 R L (42
S EPNE G RSN A E S NN S A 2SO |
KSE A BRI T ZE . AR
Box-Behnken % 1- i 1/ [fii 1 %§ FPSP (42 T. 250845 T
Ak, g5 3, S BURE N 94 °C SRR R] 4 2.45 h R
Wi oM 1:28(g/mL) B}, FPSP P23 4 16.25% , i & T
LWREFE AL ()T U1 B 2 HEEE T 2272 5.97 % FIFAAK
FERAL IR 1 DURE Z BRI T 2077 % 1.267% .

Wit GC-MS 70 #r5 i ,FPSP & W i 2 e ly
1:58.02:0.73 BYAM 75 20 W5 B2 ZLBE B o T @ i 55
A Z B, Rozi PAEBITAGH , LAZK (R S B R i
FISRIUITAS4 FPSP Fh AN [R] Eb 51 i) B4 L BT hidA b A
B CH R A A LB . Abuduwaili A ]
FRR T R PR N A I A (4 £ DL B 22 B R 2
B BT RIS H o S i A b . X204
8,7 UUEE 20 2 i AR AR P FLBE AL AL, &R
WA EE 2 e 5101, Pan FEECFSEAH , FUAR DL
B2 B 2t 2.62:5.59:10.00:0.76:9.38 1Y
HEE b UL EFUbE AR BTH AL .
150 R DLBE & A P A S s 2 By T A — R (R 2
Sl TG /s H, M 263.2 °CHF4f FPSP 1) Jfi & 46
MR PR, U BH IR 5 FPSP P 4R & A Ab 2 240
D 5 -5 R B B O DUBE Z2 5 L, AR BF 5% T 7% FPSP
HA B geoeE .

22 A A58 ) Box-Behnken 5 31- 1 17 i 3
PeAbS 3 FPSP e $2 0 T4 . @ UV ik (FTIR ¥ |
GC-MS ¥ | WIR2T et ik  SEM WMLEE  XRD 32 K ok 2%
ST RRAEAS i FPSP 2 P T i i 22 [ 1:58.02:0.73
FIAHE TR 2L R B B A 4 i 2 2 0
Ja& LT 1% - KA TEY PR TLE R 22, 2 1T 235 ) 52 S S D) At
7 HEFEUT B AR 254 TRl B Bt g e . AR
W B A8 R B DLEE BT 5 ) 70 0 1 AR 27 i S Ak
ARSZHE, B DUREVE R ORI & B2 0 B i o B
YIRS
S ik
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